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The fifth and final volume of a series concerned with higher educational facilities 
planning expands the discussion of the utilities planning process initiated in the 
overview ot volume one- Three major classes of utilities — energy utilities, service 
utilities, and communications utilities are studied- Their influences on the overall 
physical planning of the campus is stressed, and proper location of central plant 
facilities is emphasized as being extremely critical. Differences in cost factors related 
to the accessibility of the campus to existing urban utilities are discussed, as well as 
the relationship between consideration for future expansion and present budgetary 
limitations. The planning of the campus utilities must be coordinated within the total 
physical plan so as to preclude interference with other campus facilities and be 
compatible with other campus structures in their design and appearance- A 
bibliography pertaining to utilities is included- (ND 
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The first volume of this project entitled "Planning System" presented in the concept and format of 
a total planning system which included a component for utilities planning. Volume I presented an 
overview of the process for planning campus utilities that was intended for broad usage by physical 
plant administrators, planners, engineers, and architects concerned with the analysis and decision- 
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The development of the utility systems is also influenced by the physical arrangements of the campus 
facilities. The difference between a compact campus and a widely spread campus will not only re- 
quire different utility systems layouts, but in many cases, completely different concepts. Conversely, 
since the utility systems represent approximately 15 percent (%) of the initial construction cost of 
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Figure 1 will be used throughout this volume to emphasize the total process and to provide a visual 
reference of individual components to the total system. 



1 • UTILITIES PLANNING PROCESS 
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UTILITY SYSTEMS 

The utility systems for a campus can be divided into three categories for planning purposes: 
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then piped from direct expansion cooling coils. The compressor is normally located near the 
cooling coil because of the loss of efficiency and inherent problems with extended freon piping 
systems. 



CHILLED WATE 




If a central utilities plant is used for the other campus requirements of power and heating water 
generation, the distribution of chilled water from such a plant would fit in well with these 
other campus requirements. A more detailed discussion of the advantages and disadvantages 
follows in later chapters. 



Di reel- -fired gas equipment is available up to about 25 tons refrigeration capacity. Absorption 
units are available to approximately 1,000 tons using steam or high temperature hot water as 
the energy source. Where gas or other fuel costs are low, these systems have a low operating 
cost. Their first costs-, however, may be higher than electric systems, particularly if additional 

boilers are needed. 
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The most economical gas powered equipment is generally gas engine driven compressors. There 
have been some installations with gas turbine driven centrifugal compressors. Objections to gas 
engine equipment would be higher maintenance costs, noise level and space requirements which 
would generally make them undesirable for individual building chilling plants, although not so 
objectionable in central plants. Size limitations would be the important consideration in central 




figure 4 -STEAM turbine driven water chilling unit flow diagram 
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figure 6-COMBINATION steam turbine driven water chilling 
UNIT AND ABSORPTION CHILLING UNIT 

FLOW DIAGRAM 




Alternately, a gas turbine can be used to drive the centrifugal chiller and the exhaust heat from the 
gas turbine used to generate steam Tor a steam absorption chiller. 
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tenance costs including freon replacement costs. This type of system would be recommended 
only for small buildings where first cost was of extreme importance. 
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FIGURE 9- TOTAL ENERGY SYSTEM FLOW DIAGRAM 



Such an energy system generally uses exhaust heat energy from either exhaust or extraction steam 
from a steam turbine generator, or the heat In the exhaust of gas turbines, and In some cases the 
exhaust from Internal combustion engines. Also, the heat from the jacket water of internal com- 
bustion engines is commonly used. This secondary energy may be used in the form of steam driving 
low pressure steam turbines, in turn driving centrifugal compressors, or it may be used in steam ab- 
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Steam as an energy utility is more often used for special applications rather than space conditioning. 
These uses are generally for campus cafeterias, kitchens, laundries, and special laboratory require- 
ments. The pressure and temperature required will depend on the individual campus requirements 



but the usual campus will not require steam at a pressure higher than 100 psig (pounds per square 
inch gauge) for these uses. Usually most of the condensate is lost from these special uses although 
there may be some condensate return to the central utilities plant. This increases make-up of 
boiler wator and may require more boiler water pretreatment depending upon the quality of the 
raw water supply to the campus. 




of condenser water equipment such as cooling towers from the immediate area of campus buildings f 
and providing cooling towers at the central utilities plant. When chilled water is provided from 
a central utilities plant, the condenser water system will be from cooling towers or possibly from 
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flow is generally varied by the number of pumps in operation in order to maintain a fairly 
constant temperature differential between the supply and return lines and maintain high 
efficiency utilization of the individual tower cell. 
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With the power consumption known for each month, the annual power cost is determined by multiplying 
the consumption of each month by the average generating cost per kilowatt hour if the power is generated 
on the campus. If power is purchased from a utility company, then the monthly cost is determined by use 



of the utility company's rate schedule which usually includes factors for maximum kilowatt 
demand, peak KVA demand, power factor correction and fuel costs depending upon the 
company's method of determining their costs. The power consumption and demand should be 
metered in either case. 
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impose other service restrictions, although they are not usually numerous or particularly burden- 
some. The main disadvantage of purchased power in some areas is its high cost when compared 
with on campus generation if secondary energy is required by the campus. 






continuous uninterrupted electrical service. This requirement may be satisfactorily met by 
central plant equipment with standby units but more often is provided by a standby engine driven 
generator sized for the emergency load only and provided with automatic startup when the 
primary power supply fails. 



POWER DISTRIBUTION 





CO 



A somewhat more costly but safer installation is to run cable in buried ducts. Generally the 
initial installation is provided with spare ducts so that additional cable can be pulled without 
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On the other hand, the advantages far offset the disadvantages and if tunnels are available, properly 
lighted and drained, serious consideration should always be given to the installation of electrical distri- 
bution lines in the upper portions of these tunnels. 



CENTRAL UTILITIES PLANT 




of power as was used for heatirig. In more recent years with the advent of complete space conditioning 
for campus buildings, the further development seemed obvious that this same central plant could be used 
for chilling of water which would then be circulated to the individual buildings to provide space condi- 
tioning. However, at about the same time the air conditioning industry had gone through a manufacturing 
development producing package type air conditioning units for residential and small commercial applica- 
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methods are shown In the following Figures. 
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The ultimate choice of system as described above will vary with the individual campus and size of campus 
and should be determined by a complete feasibility study, including projections of power, bunding space 
and heating and cooling loads. 
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municipal supply would be the initial cost of wells or dams, pumps and interconnecting piping, and also 
the cost of pumping the water as well as treating it, all to be compared to the unit price of water from 
available supplies such as a municipal supply. Although surface water may be more economical to obtain 
and of better quality than ground water, its proximity to the campus may require long supply lines from the 
surface water source to the campus resulting in high pump : ng costs which could make it uneconomical. 
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. The size and slope or gradient of a sewer should be adequate for the flow to be carried 
and the slope must be sufficient to avoid depositing solids. 

. The sewer joint material must be selected to meet the conditions of use. 

. Manholes, junction chambers, and other structures must be designed to minimize 
head loss and settlement of solids. 
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The average frequency of rainfall occurrence used for design determines the degree of protection afforded 
by a given storm sewer drainage system. Cost-benefit studies are not usually conducted for campuses, 
but the cost of protection should be consistent with the amount of damage prevented. 
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In open channel flow, water velocity must be carefully calculated in order to establish to what extent 
the water course may be subjected to erosion or the deposit of sediment. Channel velocities can be 




usage, as will also the quantities, and these are shown in the following Figure. 
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An indirect heater heats water by passing it across a metal surface on the other side of which 
there is hot water or steam. This method permits closer control of temperatures than direct 



firing. It generally is more costly. However, no venting is needed and space requirements are 
flexible. 
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Cost comparisons should be prepared for supplying domestic hot water by two or more of the above methods 
and the best system utilized. 
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The types of telephone systems are as follows: 

'• Automatic. An automatic telephone system functions through a dial or 
selector switch to call other stations. When the call is internal, one, 
two or three digits are dialed. External calls require dialing one digit 




is available to the outside when the operator is off duty, and no interior service is available 
at these times. 
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local telephone company. 
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A very large campus or a divided campus may require several separate master clock and programmer 
systems. Sometimes groups of buildings constituting a single division of a school are remotely located 




The disadvantage of the electronic impulse system is that the impression of the electronic impulse 
upon the power distribution must be as close as possible to the secondary side of the power distri- 
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The main advantage of these systems is that continuous monitoring at many points may be made from 
one location and important lectures, speeches and lessons may be presented to a large number of stu- 
dents without the necessity of a large assembly hall. The main disadvantage is their cost and the 
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ANNUAL UPDATE AND REVIEW 

The process of university development is highly dynamic and change in objectives and priorities 
with time is to be expected. The utilities plan must be reviewed annually and updated as neces- 
sary it if is to play a meaningful role throughout the time span of the planning period. 



To summarize, the utilities should have great influence on physical plant planning for a campus. 
They must be considered concurrently with other factors during the management decisions on 
campus location, land utilization, and budgetary requirements. Energy utilities have the highest 
initial and operating costs and consequently require the greatest coordination. However, all 
utilities systems are expensive and must be carefully planned. 
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VOLUME III - PHYSICAL PLANT PLANNING • LAND USE AND TRAFFIC 

I. Introduction 
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A. Land Use Scales 
B . Land Use Alternatives 
C. Land Use Plan 

VII. Detail Design and Implementation 

VIII. Continuing Planning 
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